The startle reflex magnitude can be modulated when a weak stimulus is presented before the onset of the startle stimulus, a phenomenon termed Prepulse Inhibition (PPI). Previous research has demonstrated that emotional processes can modulate PPI and startle intensity, but the available evidence is inconclusive. In order to obtain additional evidence in this domain, we conducted two experiments intended to analyze the effect of induced stress and attentional load on PPI and startle magnitude. Specifically, in Experiment 1 we used a between subject strategy to evaluate the effect on startle response and PPI magnitude of performing a difficult task intended to induce stress in the participants, as compared to a group exposed to a control task. In Experiment 2 we evaluated the effect of diverting attention from the acoustic stimulus on startle and PPI intensity. The results seem to indicate that induced stress can reduce PPI, and that startle reflex intensity is reduced when attention is directed away from the auditory stimulus that induces the reflex.
Oseasohn, Hanley, Collu, Martin, & Smilga, 1986; Wrzesniewski, 1983) . In our first experiment, we manipulated stress by differentially threatening participant's selfesteem by facing half of them (those in the Stress Group) to the most difficult items from the Advanced Progressive Matrices test (Raven, 1976) . The remaining half of participants (those in the Control Group) were simply instructed to attend to a series of neutral images appearing on the computer screen, a common procedure used in our laboratory to minimize potential distractions in participants (e.g., De la Casa, Fernandez, Larrauri, Mena, Puentes, Quintero, & Schmajuk, 2012) . To induce startle and PPI the experimental treatment alternated trials involving presentations of an intense tone by itself (the Pulse, that allowed the startle reflex to be registered), and Prepulse-Pulse trials, consisting of the same intense tone preceded by a weaker sound.
Method

Participants
Twenty-two volunteers (n=11 per group), 8 males and 14 females, participated in this experiment for course credits. Their ages ranged between 17 and 25 years.
None of the participants reported any visual or hearing problem. All participants were informed of the type of stimulation used in the experiment, and provided signed informed consent before to start the experimental manipulations. Seville University's ethical committee approved the study.
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dB) was presented during the entire duration of the experiment. Sound calibration was completed prior to record data for each participant using a Sound Level Meter PCE-999.
Procedure
The experiment was conducted in an isolated room. Before to start the experimental treatment, the participants were instructed to answer the Mood Grid Scale considering their actual affect and arousal, and then received instructions about the task they have to solve. Next, the headphones were put on and each participant was seated in front of a color monitor (approximately 100 cm from the eyes) controlled by a PC-computer were the items from the Raven test or the neutral images were presented. For all auditory trials, the ITI was 30 s (+/-5 s) and the lead interval in prepulse-pulse trials was 40, 60 or 80 ms After a 120 s adaptation period to the background noise, four pulses were presented in order to stabilize the response to the auditory stimuli. During this period, the computer's screen remained black. Then, the test stage consisting in 12 pulse-alone and 12 prepulse-pulse alternated trial presentations was initiated (3 trials for each lead interval, presented in a random order across the experimental session). The corresponding task for the Stress and Control groups was presented simultaneously to the auditory stimuli presentation. Finally, the earphones were removed, and each participant was asked again to answer the Mood Grid Scale considering the affective state perceived during the experimental stage.
Electromyographic (EMG) activity of the orbicularis oculi muscle was recorded using three Ag/AgCl electrodes (EL250; Biopac Systems) positioned according to the guidelines recommended by Blumenthal, Cuthbert, Filion, Hackley, Lipp and Van Boxtel (2005) . Specifically, after cleaning the participant's skin, conductive gel was applied to the electrodes before placing two of them approximately 1 cm below the right eye to record the electromyographic activity of the orbicularis oculi muscle. The third electrode was placed on the forehead to detect the general level of electrical activity. Raw signals were amplified (×2000) and filtered using a passband of 10-500
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Hz (EMG100C amplifier; Biopac Systems). AcqKnowledge software (4.0, Biopac Systems) was used to interface a MP150 control module (Biopac Systems) via a crossover cable and sampled at 2 kHz. Response onset latency windows include 21-120 ms for acoustically elicited blinks.
Results.
Analyses of Mood Grid scores
Mean scores from the Mood Grid for Arousal and Affect as a function of stage (pre-and post-experimental) appear in the upper section of Table 1 . As can be seen in the Table, the Arousal scores increased after the experimental treatment for the Stress Group, but remained unchanged for the Control Group. As for the affect scores, there was a decrease after the experimental treatment that was more intense for the Stress Group. Group. This result seems to indicate that the manipulation introduced to induce stress produced a negative affect in the participants.
Analysis of the startle response to the Pulse-alone trials
A preliminary analysis was conducted on mean startle to the four pulses included to stabilize the responses to the Pulse that were presented before to start the experimental treatment. This analysis was intended to identify possible differences in startle reactivity between groups that could have affected to PPI magnitude. Groups. As can be seen in the figure, there was a general reduction in the startle response across trials that reflect the habituation process. Also, the startle response magnitude was lower for the participants in the stress condition as reflected by the immediate drop in startle reactivity that was evident from the first test trial for the Stress
Group.
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These impressions were confirmed by a 12 x 2 mixed ANOVA (Trials & Baas, 2003) . Finally, the 2-way interaction was non-significant, F(11,220)=1.47; p>.14.
Analyses of percent PPI
Since several studies have suggested that percent PPI is less contaminated by - Thus, with the shorter interval (40 ms) the PPI was very weak in the Control Group that probably resulted in a floor effect that impedes to detect possible differences between groups. However, the PPI effect was higher in the control Group when the lead interval was 60 and 80 ms, giving thus the opportunity to modulate the startle intensity as a function of the psychological effect induced by the task. As predicted, PPI was reduced when the participants were confronted to the stress-inducing task in the 60 and 80 ms lead conditions.
Experiment 2
The reduced PPI obtained in the Stress Group in Experiment 1 reproduces the results reported in previous research with rats, and with PTSD and PD patients (e.g., Grillon et al., 1996; Ludewig et al., 2005; Pijlman et al., 2003) . However, the presence of a high attentional load task intended to induce stress during the auditory stimuli presentation in our experiment could have introduced a confounding factor, since PPI is sensitive to attentional manipulations. In fact, it has been reported that increasing attention to the Prepulse stimulus results in an enhancement of PPI as compared to an unattended condition (e.g., Filion & Poje, 2003; Thorne et al., 2005) . Therefore, we can consider that performing a highly demanding task during acoustic stimuli presentation, as we programmed in Experiment 1, could have resulted in a reduction of the attention
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paid to the Prepulse, and that this reduced attention could have contributed to the reduced PPI reported in Experiment 1. Similarly, the reduced startle response observed for the Stress as compared to the Control Group in Experiment 1 can be interpreted as the result of diverting the participants' attention away from the auditory stimuli (see, for a similar result, Schicatano & Blumenthal, 1998).
To check the possible effect of the attentional process on PPI modulation, we conducted an additional experiment with the same parameters to induce PPI as described in Experiment 1, but in this case the participants were instructed to perform one of two simple tasks (neither of them related to intelligence) that differed in attentional demands (High attentional load vs. Low attentional load). Those participants in the High Load (HL) Group were instructed to respond to the Toulouse-Piéron perceptive and attentional test (Toulouse & Piéron, 1986 ), a test specifically designed to evaluate attentional resources. It is considered as a test that required a big amount of concentration, since it is composed by 1600 shapes (small squares each one with a script in one of the sides or angles) all presented in one single sheet. The required response is to detect and cross out with a pencil those shapes similar to anyone of the two models reproduced on the top of the response sheet (there are 400 shapes similar to the models randomly distributed). As for the Low Load (LL) Group, the participants were instructed to pay attention to the computer screen were the same 26 neutral pictures described for Experiment 1 were presented (15 sec. each). In order to make this task more similar to that presented for the HL Group, the participants were instructed to locate each image in a printed sheet containing a small reproduction of each picture. Whether the reduced PPI observed in Experiment 1 was the result of an attentional process, we would expect a similar effect in the High load Group. Similarly, if the reduction of the startle magnitude observed in the Stress Group in Experiment 1 was due to the limited attentional resources available while performing the difficult task, we expect a similar reduced startle in the High load as compared to the Control Group.
Method
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Participants
Twenty-two volunteers (n=11 per group), 3 males and 19 females, participated in this experiment for course credits. Their ages ranged between 18 and 25 years.
None of the participants reported any visual or hearing problem. As in Experiment 1, the participants were informed of the type of stimulation used in the experiment, and provided signed informed consent before to start the experimental manipulations.
Seville University's ethical committee approved the study.
Materials
Questionnaire
The questionnaire employed to evaluate arousal and affect was the same as described for Experiment 1 (Mood Grid).
Attentional-related tasks:
In this experiment the participants were divided in two groups. Those in the HL Group were instructed to solve the Toulouse-Piéron perceptive and attentional test (Toulouse & Piéron, 1986) . Those participants assigned to the LL Group were exposed to the same 26 neutral pictures described in Experiment 1, and instructed to locate and cross out with a pencil each picture on a sheet that contained a small reproduction of all 26 images.
Prepulse and pulse stimuli
All acoustic stimuli and temporal parameters were the same as described for Experiment 1.
Procedure
Before to start the experiment, the participants were instructed about the task they have to complete. Thus, the participants in the HL Group received the instructions to complete the Toulouse-Piéron test, and those in the LL Group were instructed to attend to the different images that will appear on the computer screen, and to identify the matching image in a printed sheet. For both experimental groups the screen
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computer remained black during the pre-and post-experimental stages. When the experimental stage started the phrase "start the test" appeared on the screen for the HL Group, while for the LL Group the presentation of the visual stimuli (the neutral images from the IAPS) started. The remaining procedural details were exactly as described for Experiment 1.
Physiological data collection was similar to that described for Experiment 1.
3.3. Results.
Analyses of Mood Grid scores.
Mean scores in the Mood Grid for Arousal and Affect as a function of stage (pre-and post-experimental) appears in the lower section of Table 1 . Two similar 2 x 2 mixed ANOVA (Stage: Pre vs. Post x Group: LL vs. HL) conducted on mean arousal and affect scores revealed no significant main effects or interactions (all ps>.09).
Therefore, and conversely to that observed in Experiment 1, the tasks in this experiment did not induce neither arousal nor affective changes in the participants.
Analysis of startle to the Pulse-alone trials
As in Experiment 1, we conducted a preliminary analysis on mean startle to the four pulses presented before the experimental treatment. A 4 x 2 mixed ANOVA (Trials x Group: LL vs. HL) revealed a significant main effect of Trials, F(3,60)=3.10; p<.05, ηp 2 = .13, reflecting the habituation of the startle response across trials. Neither the main effect of Group nor the 2-way interaction was significant, both ps>.38.
In order to identify a possible effect of the treatment on startle to the Pulse, we analyzed mean startle responses to the Pulse-alone trials presented during the experimental phase. As can be seen in Figure 3 , that depicts mean pre-test startle intensity (collapsed across trials), and mean startle magnitude to the Pulse-alone trials as a function of Groups, it appeared a general decrease of startle magnitude across trials due to a habituation process, that was more evident for the LL Group. In addition, the startle magnitude was lower for the HL than for the LL Group. Figure 3 , the interaction reflects that the habituation of the startle response was restricted to the LL Group.
Analyses of percent PPI
As in Experiment 1, mean startle magnitudes for pulse and prepulse-pulse trials were transformed into percent PPI. Figure 4 shows mean PPI percent collapsed across trials for each lead interval condition as a function of Groups. As can be seen in the Figure, PPI appeared for all lead conditions, with higher PPI levels for the 60 and 80 ms lead interval conditions, but there were no differences in PPI of startle intensity between groups. 
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In summary, the results indicate that mean startle response magnitude was reduced when the participants were confronted to the high attentional demanding task.
However, there was no effect of the attentional manipulation on PPI intensity.
General Discussion
The present study analyzed the effect of stress and attention on startle intensity and PPI. As predicted, the introduction of a very difficult task for the Stress Group reduced PPI intensity as compared to the Control Group in Experiment 1. However, and contrary to our expectations, the startle response intensity was reduced in the Stress Group as compared to the Control Group, that we interpreted as the result of diverting the attention away from the startling stimulus. In fact, the decrease of startle was too sudden and stable to be due to accumulation of stress in the early trials, and is attributable to the requirements of the task.
Since the reduced PPI observed in Experiment 1 could be the result of the same attentional process that disrupted startle intensity, Experiment 2 was designed to check for a possible effect of attentional factors on PPI disruption. Specifically, we created two groups differing in the amount of attention the participants had to invest in a task that they had to solve while registering startle intensity and PPI. Both high-and low-load tasks were selected according to their easiness, and anticipating that they would not induce stress in the participants (in fact, affect and arousal measures remained unchanged in both groups in Experiment 2 as revealed by a comparison of the pre-and post-experimental scores from the mood grid scale). The differential effect of attentional load was evident when we analyzed the startle intensity in the Pulsealone trials, since it appeared significantly reduced in the High load Group as compared to the Low load Group. This result confirmed the disrupting effect of diverting attention away from the auditory stimuli on the startle response observed in Experiment STRESS, STARTLE AND PPI 34 
